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Human Papilloma Virus and Non-Melanoma
Skin Cancer:
An Enigma Wrapped in an Enigma
The link between cervical carcinoma and human papilloma
virus (HPV) is clear. It is known that viral E6 and E7 proteins
interfere with the p53 and p16 tumor suppressor genes in
cervical epithelium resulting in unchecked proliferation.
Squamous cell carcinoma (SCC) in other mucous mem-
branes, including oral, esophageal, and rectal, have also
been strongly associated with HPV infection and in all,
approximately 10% of worldwide cancer has been linked to
HPV. In the skin, evidence for a link between HPV and non-
melanoma skin cancer (NMSK) is strongest for the rare
hereditary disease epidermodysplasia verruciformis (EV), in
which patients susceptible to HPV types 8, 9, 12, 14, 15, 17,
19–25, 36–38, 47, and 49 develop an increased sensitivity to
NMSK. These HPV genotypes also occur at high frequency
in the general population, as well as in transplant recipients
and in patients with psoriasis. It is also known that in EV
patients, UVR exposure plays a key role in HPV-associated
malignancy. When it comes to NMSK in non-EV patients,
however, the link between HPV and NMSK becomes murky.
In this issue, Termorshuizen and colleagues from the
National Institute of Public Health in the Netherlands have
performed a careful epidemiological analysis comparing a
history of lifetime and acute severe sunlight exposure and
the presence of EV-associated HPV genotypes in patients
with SCC (p 1456). They took a detailed sun-exposure
history from a large group of patients with SCC. To assess
the presence of HPV, they analyzed plucked eyebrow hair
with PCR technology. To the non-cognoscenti, this may
seem an unusual choice of source material; however, HPV
virologists know that hair follicles are an important reservoir
for HPV. Their results showed that a history of sunburn
episodes at a young age was associated with an enhanced
risk of HPV positivity. This would seem to suggest that UVR,
in association with HPV, predisposes an individual to SCC;
however, they also determined that higher lifetime exposure
to UVR was associated with a lower risk of concurrent HPV
infections. They conclude that the ‘‘favorable association of
lifetime sun exposure and HPV prevalence underscores the
enigmatic role of HPV in skin carcinogenesis.’’ Enigmatic,
indeed, as other studies have provided similar tantalizing
contradictions. Using sensitive degenerate PCR methods,
scientists have detected HPV genotypes, as well as many
novel ones, in SCC and keratoacanthomas. SCC often
harbor multiple HPV genotypes, however, which suggest
that the transforming ability of HPV may be a shared feature
of many genomic types. Another confounding fact is that
HPV is highly prevalent in healthy individuals, casting into
doubt a causal role for HPV in NMSK. Finally, the difficulty
in propagating large quantities of HPV, and the difficulty in
sustaining its growth in keratinocytes in monolayer culture,
frustrates attempts of scientists to mobilize the usual
armamentarium of experimental techniques to answer
the question. Despite these problems, however, a general
picture is emerging of strong prevalence of HPV and SCC
and a link between HPV, UVR, and SCC. Along with recent
data suggesting that polymorphisms in the p53 gene may
result in a p53 protein that interacts with HPV viral proteins,
further epidemiological and hypothesis-driven research is
needed to explore a possible link between NMSK, UVR, and
HPV in the general population.
New Insights into Photodamage and
The Beneﬁts of Green Tea
In two articles on cutaneous photodamage in this issue,
insights into potential mechanisms of disordered collagen
synthesis, and potential benefits of green tea polyphenols
in reducing photodamage are explored. Dr Varani and
colleagues from the Department of Dermatology at the
University of Michigan School of Medicine have examined
the potential effect of collagen degradation on new collagen
synthesis in severely photoaged skin (p 1471). It is known
that degradation of fibrillar collagen occurs in photoda-
maged skin in part through upregulation of matrix metallo-
proteinases (MMP). Less is known, however, about why
new collagen synthesis is decreased in severely photoaged
skin. Varani and colleagues hypothesized that new collagen
synthesis in photoaged skin might be depressed due in part
to impaired attachment and spreading of fibroblasts onto
degraded collagen. It is known that collagen production
occurs most efficiently in cells that maintain a high
mechanical tension. Therefore, cells that are firmly attached
and spread, which can be demonstrated through the
presence of actin stress fibers and focal contact proteins,
including vinculin and focal adhesion kinase, would be
expected to exhibit greater collagen synthesis. In the study
presented here, the authors show that cells cultured on
degraded collagen have few or no stress fibers compared
with cells cultured on intact collagen. They extended these
observations to skin in vivo in which histologic analysis and
quantitative image analysis revealed that fibroblasts in
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severely photoaged skin are elongated and collapsed
compared with healthy skin. These observations were
confirmed by electron microscopy studies in which healthy
fibroblasts were found to exhibit multiple contacts with
stromal collagen, compared with fibroblasts in photoaged
skin. These observations would appear to support their
general hypothesis that new collagen synthesis in photo-
damaged skin is impaired due to inadequate tensile
strength of fibroblasts-collagen adhesion. Thus, a vicious
cycle of collagen degradation from MMP is followed by
decreased production of new collagen due to poor
adhesion of fibroblasts to damaged collagen, leading to
progressively worsening photodamage.
In the Chinese culture for many hundreds of years,
drinking green tea has been thought to be associated with
amelioration of diverse maladies. Over the past decade,
there have been numerous studies showing protective
effects of tea, including both green and black tea, against
tumorigenesis in animal models. The most extensively
studied organ site for the potential protective effect of tea
is the skin, followed by the lung, liver, stomach, mammary
gland, and colon (Chung et al, 2003). Green tea is rich in
polyphenols, which comprise a group of compounds, which
include catechins. Epigallocatechin-3-gallate is the most
abundant of the four catechins in green tea that comprise
the polyphenol family. Polyphenols are potent anti-oxidants
that prevent damage caused by free radicals to DNA and
other molecules. Recent studies have shown that green tea
polyphenols inhibit short-term UVB-mediated phosphoryla-
tion of (i) extracellular-signal-regulated kinases (ERK1/2),
(ii) c-Jun N-terminal kinases, and (iii) p38 protein expres-
sion (Afaq et al, 2003) and skin thickness, edema, and
inflammation in SKH-1 hairless mouse model. Studies also
show that green tea stimulates growth and differentiation of
keratinocytes (Hsu et al, 2003). Chronic exposure to UVR
results in photodamage as well as a markedly increased risk
of melanoma and non-melanoma skin cancer. Photodam-
age is characterized by enhanced activity of MMP enzymes,
increased reactive oxygen species formation, and progres-
sive oxidative damage. In this issue, Vayalil and colleagues
from The University of Alabama have examined the effect of
oral polyphenols on biomarkers of skin aging in SKH-1
hairless mice (p 1480). Green tea polyphenols were fed to
mice in drinking water and mice were then exposed to UVB
for 2 mo to simulate chronic UVR exposure. In mice
imbibing green tea polyphenols, protein oxidation was
inhibited, as well as expression of matrix degrading
enzymes such as MMP-2, -3, -7, and -9. They also found
that oral intake of green tea polyphenols prevented UVR-
induced depletion of anti-oxidant enzymes in the skin
including peroxidase, catalase, and levels of glutathione.
Although the bioavailability of orally administered green
tea polyphenols in human skin has not been completely
elucidated, these and other studies suggest that drinking
green tea may not only inhibit the formation of cutaneous
cancer but may also attenuate photodamage. In light of
Dr Varanis’ observation that degraded collagen inhibits
new collagen synthesis through impaired adhesion of fibro-
blasts to collagen, green tea could prove to be beneficial in
both inhibiting collagen degradation, and in promoting new
collagen synthesis.
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